INTRODUCTION
============

Stroke is the most common cause of acquired disability \[[@b1-arm-19087]\]. The impairments caused by stroke can vary \[[@b2-arm-19087],[@b3-arm-19087]\]. Rehabilitation therapy can help restore the function of stroke-caused impairments \[[@b4-arm-19087]\]. Rehabilitative interventions work best when the patient's medical, neurological, and psycho-social conditions are holistically considered \[[@b5-arm-19087]\]. From a practical perspective, precise goal setting is an important element of rehabilitative therapy \[[@b6-arm-19087]\]. However, given the variable stroke-induced neurologic impairment status and personal medical conditions (age, stage after the stroke onset), it is difficult to set precise goals when implementing a rehabilitation program \[[@b7-arm-19087]\].

Goal attainment scaling (GAS) was first introduced in the 1960s as a patient-specific methodology based on the patient's functional status and goals \[[@b8-arm-19087],[@b9-arm-19087]\]. GAS aims to establish realistic expectations by consulting with the patient and their family before the intervention. Achievement is evaluated on a 5- or 6-point scale \[[@b10-arm-19087]\]. GAS has a number of benefits including (1) setting priorities in establishing rehabilitation programs, (2) establishing team meetings and multidisciplinary consultations with clear objectives, (3) quantifying the patient's progress, and (4) involving the patient as well as the patient's family in the treatment process to ensure that the goal is established and evaluated \[[@b11-arm-19087],[@b12-arm-19087]\]. Also, as patients have a key role in setting their goals, they may be more motivated in the treatment process \[[@b7-arm-19087]\].

Due to the advantages mentioned above, GAS has been implemented in clinical practice to set and evaluate goals in a variety of areas such as elderly care, cognitive rehabilitation, and amputee rehabilitation \[[@b10-arm-19087]\]. There have been several reports on the use of GAS in the rehabilitation of patients with brain injuries \[[@b13-arm-19087],[@b14-arm-19087]\]. However, there is a lack of studies that examine the use of GAS in intensive rehabilitation during the subacute phase of stroke \[[@b4-arm-19087]\]. The subacute phase presents the biggest opportunity for recovery.

Our clinical study team based at a rehabilitation center in a university hospital has used GAS since 2016 in poststroke rehabilitation therapy during the subacute stage based on decades of experience. After it was applied for 3 years, the study team evaluated the validity of GAS used in intensive stroke rehabilitation at the subacute stage. First, the functional outcomes before and after the application of GAS were compared. Second, yearly changes in goal setting patterns were analyzed using the standard GAS score \[[@b11-arm-19087]\], which assessed the attainment levels of multiple goals over the 3-year period. The standard GAS score was converted to 50 points when the goal was achieved as expected. The closer the score was to 50, the better the quality of the goal \[[@b10-arm-19087]\]. Third, we analyzed factors that might affect the standard GAS score. Finally, the therapists who used GAS completed a survey regarding its usefulness.

MATERIALS AND METHODS
=====================

Subjects
--------

This study was approved by the Institutional Review Board of CHA Bundang Medical Center (No. 2019-03-009) and the informed consent was waived.

Medical records of hospitalized patients who were over 18 years old during the period from January 2014 to December 2018 were obtained for patients that had undergone intensive rehabilitation in the subacute poststroke stage. The inclusion criteria were patients who undertook functional evaluations at the time of admission and after 1 month of rehabilitation. In this study, the subacute stage was defined as stroke onset 15 to 90 days before admission or transfer into the rehabilitation medicine department \[[@b15-arm-19087],[@b16-arm-19087]\]. The exclusion criteria were patients who were unable to undertake the Mini-Mental State Examination (MMSE) or had a score of 0 and a preexisting disability, which might affect activities of daily living (ADL).

Outcome measures
----------------

The study site specializes in the rehabilitation of poststroke patients, especially during the subacute stage. At the initiation of intensive rehabilitation, the patients had their gross motor ability of strength and mobility routinely evaluated using the manual muscle test (MMT) by the Medical Research Council score, Berg Balance Scale (BBS), Trunk Impairment Scale (TIS), and Functional Ambulatory Category (FAC), which were the domain of physical therapy (PT). The patients cognition, perception, upper limb function and ADL were also evaluated, using the MMSE, Motor-Free Visual Perception Test (MVPT-3), Fugl-Meyer Assessment (FMA) for the upper extremities, Manual Function Test (MFT), Functional Independence Measure (FIM), and Modified Barthel Index (MBI), which were the domain of occupational therapy (OT). These evaluations were conducted before the initiation of rehabilitation and were repeated after 4 weeks of rehabilitation. The members of the clinical research team assessed inter-rater reliabilities for the functional evaluation items annually to establish the competence of the rehabilitation processes and the results of last year as described in [Supplementary Table S1](#SD1-arm-19087){ref-type="supplementary-material"}, which indicates appropriate reliabilities for clinical use in the university hospital (intraclass correlation coefficient \>0.90, p\<0.001).

To examine changes in the rehabilitative outcomes after using GAS, clinical data of functional measures from January 2014 to December 2015, the period before application of GAS, and the same data from January 2016 to December 2018, the period after application of GAS, were compared.

GAS and the standard GAS score
------------------------------

In this rehabilitation center, GAS has been used for all brain-damaged patients since 2016. Medical staff and therapists treat patients according to the goals which are set when rehabilitation is initiated. Three specific goals are selected in each of the domains, PT and OT. In the PT domain, three goals are selected from the following categories: functions of the joints and bones (b710--b729), muscle functions (b730--b749), movement functions (b750--b789), changing and maintaining body position (d410--d429), walking and moving (d450--d469), and community, social, and civic life (d910--d999) according to the International Classification of Functioning, Disability, and Health (ICF) \[[@b17-arm-19087]\]. In the OT domain, three goals were selected from the following categories: specific mental functions (b140--b189), carrying, moving and handling objects (d430--d449), self-care (d510--d599), household tasks (d630--d649), work and employment (d840--d859), and community, social and civic life (d910--d999) according to the ICF. Multiple goals could be set within one category. Goals that could be assessed as evaluation items such as MMT, BBS, TIS, and FAC were expressed as scores. Otherwise, they were expressed in clear sentences, such as "You can walk the treadmill for 20 minutes at a speed of 5.0 km/hr and a 5-degree slope" in the PT domain. In the OT domain, goals that could be evaluated as evaluation items such as FIM or MBI, FMA or MFT, and K-MMSE or MVPT-3 were expressed as scores. Otherwise, they were expressed in clear sentences, such as "You can iron your t-shirt without wrinkles". Concrete goals were suggested by therapists and were determined after a team meeting with the corresponding physiatrist after functional evaluations and discussions with the patient or their caregiver. In the team meeting, appropriate goals were selected after a discussion about the patient's medical status, neurological impairments, the extent of brain injury, electrophysiological study, age, sex, and expected role at home or in society. Moreover, for patients who completed 4 weeks of rehabilitation, GAS scores were assessed in the team meeting, and feedback on whether the goal setting was appropriate was discussed.

GAS was scored on a 5-point scale: the center scale of 0 indicated the expected level of achievement; +1, higher than expected; +2, far higher than expected; -1, lower than expected but still better than baseline function; -2, decreased function than baseline status.

To comprehensively evaluate the achievement of the goals set in the PT and OT domains, we used the "standard GAS score". This has been used by most researchers that have focused on GAS \[[@b8-arm-19087]\]. The formula for obtaining this standard score is as follows:

Standard GAS score

= 50 + {(10Σ(*w~i~x~i~*))/(1--ρ) Σ*w~i~*^2^+ ρ(Σ*w~i~*)^2^)^½^}.

where *w~i~* is the assigned weight to the ith goal (if weights are equal, *w~i~* = 1); *x~i~* is the numerical GAS value of each goal (between -2 and +2); and ρ is the expected correlation of the goal scales.

For practical purposes, ρ commonly approximates to 0.3 \[[@b8-arm-19087]\], so the equation simplifies to:

Standard GAS score

= 50 + {(10Σ(*w~i~x~i~*))/(0.7Σ*w~i~*^2^ + 0.3(Σ*w~i~*)^2^)^½^}.

The standard GAS score is a converted score on a standardized scale, i.e., T-score, with an average value is 50 and a standard deviation of 10. This standard GAS score is the value for the achievement degree of the overall goals. If all the goals have been properly setup according to the formula above (all *x~i~*s = 0), the standard GAS score will be 50 points \[[@b10-arm-19087]\]. Therefore, the standard GAS score can be an indicator of the quality of GAS. If the team sets the goal too low, the standard GAS score will exceed 50 points. Conversely, if the team sets goals too high, the standard GAS score will be less than 50 points. In this study, all assigned weights (*w~i~*) for the three selected items in each domain were treated the same.

The yearly standard GAS scores for the study population were assessed for the PT and OT domains over 3 years. This was done to see whether experience changed the quality of goal setting.

By analyzing the clinical data, we wanted to identify the factors that may affect the standard GAS score, such as age, post-stroke duration, stroke recurrence, stroke location (cerebral hemisphere and brainstem or cerebellum), laterality of stroke (right, left, and both), and initial functional status. Besides, we compared the baseline characteristics and results of the GAS scores between those with poor cognition (MMSE \<20) and better cognition (MMSE ≥20) to determine the impact of cognitive status on the GAS score \[[@b18-arm-19087]\].

Questionnaires for therapists
-----------------------------

In the clinical study team, there were seven physical therapists and six occupational therapists. The average duration that they had worked in the team was 6.7 years (range, 2--21 years) for physical therapists and 9.2 years (range, 2--20 years) for occupational therapists. The therapists were given a survey to assess the practical usefulness of GAS, which included the following: (1) GAS is a good way to evaluate treatment results; (2) application of GAS facilitated setting specific goals, (3) use of GAS improves the quality of the rehabilitation treatment; (4) by using GAS, patients can participate with a good understanding of their treatment process; and (5) use of GAS enhances the motivation of the patient.

These items were evaluated on a 5-point Likert scale \[[@b19-arm-19087]\] as strongly agree, agree, or both agree nor disagree, disagree, and strongly disagree.

Data analysis
-------------

To analyze the influence in rehabilitation practice, functional outcomes from 2014 and 2015 were used as a historical control and compared with those after GAS was established at our institution in January 2016.

The following statistical analyses were used to compare the differences in baseline characteristics before and after the introduction of GAS. Age and post-stroke duration were compared using the independent t-test, and normality was verified using the Kolmogorov-Smirnov test. Evaluation scores were compared by the Mann-Whitney U-test. Categorical data were compared by the chi-square test. The paired t-test was used to compare the evaluation results before and after rehabilitation from January 2014 to December 2015 (the period before application of GAS) and from January 2016 to December 2018 (the period after application of GAS), respectively. The independent t-test was used to compare the degrees of changes in evaluations before and after the application of GAS, and normality was verified using the Kolmogorov-Smirnov test. A logistic regression analysis was used to evaluate the effect of variables such as age, post-stroke duration, stroke recurrence, stroke location (cerebral hemisphere and brainstem or cerebellum), laterality of stroke (right, left, and bilateral), and initial functional status after stroke (evaluated with MBI) on the achievement of a goal (T-score ≥50). For making comparisons between groups according to the MMSE scores, categorical data were compared using the chi-square test and other characteristics using the Mann-Whitney U-test. The Statistical Package for the Social Sciences version 21.0 for Windows (IBM SPSS, Armonk, NY, USA) was used for the data analysis.

RESULTS
=======

Patient characteristics
-----------------------

The clinical data of 262 subacute phase stroke patients who were admitted to the study hospital for rehabilitation from 2014 to 2018 were used. One hundred twenty-one patients seen in 2014--2015 (before GAS was introduced), and 141 patients seen in 2016--2018 (after GAS was introduced) were enrolled in the study. The mean age of the subjects was 61.2±14.8 years (58.7% male) in 2014--2015, and 60.3±13.8 years (58.2% male) in 2016--2018. An initial functional assessment was performed 38.2±27.1 days after the onset of stroke in 2014--2015 and 34.5±22.4 days in subjects seen in 2016--2018. There were no differences in the baseline characteristics of the subjects between the two time periods regarding age, sex distribution, poststroke duration at the initial assessment, type of stroke, and initial functional assessment scores ([Table 1](#t1-arm-19087){ref-type="table"}).

Effect on rehabilitation outcomes
---------------------------------

There were no significant differences in functional improvements by rehabilitation treatment before the introduction of GAS (2014 and 2015) as a historical control and after introducing GAS (2016, 2017, and 2018), while both groups showed significant improvement in most of the evaluated function measures ([Table 2](#t2-arm-19087){ref-type="table"}).

Quality check for goal setting
------------------------------

When the mean of the standard GAS score for the three years of 2016, 2017, and 2018 was arranged in order of time, the standard GAS score gradually moved towards 50 points in both the PT and OT domains ([Fig. 1](#f1-arm-19087){ref-type="fig"}). In the PT, the standard GAS scores were 53.4±7.9 in 2016, 52.7±7.1 in 2017, and 50.5±7.3 in 2018. In the OT, the standard GAS scores were 46.8±7.7 in 2016, 47.5±6.8 in 2017, and 48.9±4.9 in 2018. It seems that the goals of the PT domain tended to be set low, and the goals of the OT domain tended to be set high. However, the goals became increasingly more appropriate with experience.

GAS scores
----------

The rehabilitation goals are listed in [Table 3](#t3-arm-19087){ref-type="table"}, according to the main chapters of ICF in the PT and OT domains, respectively. The categories in which function was higher than the goal (GAS ≥0) in the PT domain were: functions of the joints and bones (b710--b729; 68.0%), muscle function (b730--b749; 86.5%), movement functions (b750--b789; 76.5%), changing and maintaining body position (d410--d429; 75.0%), walking and moving (d450--d469; 83.5%), and community, social, and civic life (d910--d999; 88.0%). The categories in which function was higher than the goal (GAS ≥0) in the OT domain were: specific mental function (b140--b189; 73.9%), carrying, moving and handling objects (d430--d449; 54.6%), self-care (d510--d599; 78.3%), household tasks (d630--d649; 75.0%), work and employment (d840--d859; 80.0%), and community, social and civic life (d910--d999; 75.0%).

Factors affecting the standard GAS score
----------------------------------------

According to the logistic regression, post-stroke duration was found to have a minor but negative effect on goal attainment in the PT domain. As post-stroke duration at the initial evaluation increased by one day, the likelihood of achieving the goal in the PT was reduced to 0.979 times. Other factors such as stroke recurrence, stroke location (cerebral hemisphere and brainstem or cerebellum), laterality of stroke (right, left, and bilateral), and initial function after stroke (evaluated with MBI) did not significantly affect goal achievement in the PT domain. In the OT domain, all factors, including post-stroke duration, did not significantly affect goal achievement ([Table 4](#t4-arm-19087){ref-type="table"}).

The GAS score was significantly higher in the group with an MMSE score ≥20 than the group with an MMSE score \<20 in both the PT and OT domains. However, there were also significant differences between the two groups in other characteristics such as age, location of the lesions, post-stroke duration, and all evaluation scores (MMSE, FMA, MFT, MBI, FIM, MMT, BBS, TIS, and FAC) ([Table 5](#t5-arm-19087){ref-type="table"}).

[Fig. 2](#f2-arm-19087){ref-type="fig"} shows the change in the mean standard GAS scores in the PT and OT domains over the 3 years in the group with an MMSE score \<20 and the group with an MMSE score ≥20. In the group with an MMSE \<20, the standard GAS scores were 50.6±7.6 in 2016, 50.2±8.3 in 2017, and 48.6±8.0 in 2018 in the PT domain, and 47.3±8.0 in 2016, 45.8±6.4 in 2017, and 48.4±5.4 in 2018 in the OT domain. In the group with an MMSE score ≥20, the standard GAS scores were 56.5±6.9 in 2016, 55.4±7.4 in 2017, and 52.6±6.0 in 2018 in the PT domain, and 46.4±7.8 in 2016, 51.0±6.4 in 2017, and 49.5±4.3 in 2018 in the OT domain. There were no significant differences in the distribution of the number of patients by MMSE score and post-stroke duration between the different time periods ([Supplementary Table S2](#SD2-arm-19087){ref-type="supplementary-material"}).

Questionnaires for therapists
-----------------------------

Most of the therapists agreed that "GAS is a good way to evaluate treatment results (84.6%)", "Application of GAS facilitated setting specific goals (84.6%)", "Use of GAS improves the quality of the rehabilitation treatment (84.6%)", "By using GAS, patients can participate with a good understanding of their treatment process (76.9%)", and "Use of GAS enhances motivation of the patient (69.2%)". With the introduction of GAS, therapists thought that patients were more likely to participate in their treatment. They also thought that the goal setting and healing process improved the quality of the treatment and thought that GAS was a good way to evaluate treatment results ([Table 6](#t6-arm-19087){ref-type="table"}).

DISCUSSION
==========

GAS appears to be useful in the intensive rehabilitation of patients after a subacute stroke based on the above results. There were three meaningful findings in this study. First, the standard GAS scores in both the PT and OT domains gradually reached 50 over the 3-year period. Initially, the PT domain scores were high, and the OT domain scores were low. This signals an improvement in GAS quality in both domains due to experience \[[@b10-arm-19087]\]. Second, the logistic regression analysis of factors that were expected to affect the standard GAS score showed that only the post-stroke duration had a significantly negative impact. Based on these findings, we can set the goal in consideration of the post-stroke duration at the beginning of rehabilitation. Finally, a survey of therapists implies that GAS would be beneficial to the rehabilitation process.

The subacute period in stroke patients is the time when many functional improvements tend to take place. These improvements vary from patient to patient \[[@b2-arm-19087]\]. Therefore, in rehabilitation practice, it can be challenging to set the goals appropriately, especially for inexperienced doctors and therapists \[[@b20-arm-19087]\]. The rehabilitation team in the study hospital had a weekly meeting led by a physiatrist and supported by an experienced therapist about the goal setting for new patients and GAS assessment of the patients who had completed rehabilitation during admission. In this process, various individual personal factors of the patient (age, initial neurological impairment status, and medical conditions) were considered, and the physiatrist guided the adjustment of the goals according to that information. In addition, GAS scores of patients who completed rehabilitation therapy were evaluated. As a result of using GAS, both the PT and OT domains accurately predicted the patient's expected improvement.

Goal attainment scaling is a tool for assessing the achievement of a client-centered goal and can evaluate the effectiveness of the intervention at multiple levels \[[@b10-arm-19087]\]. GAS allows the achievement of different goals to be assessed for each patient. Additionally, the GAS score reflects the relative importance or difficulty of the goal \[[@b21-arm-19087]\]. In this study, three goals were selected for the PT and OT domains, and the achievement of each goal was evaluated in an integrated manner as a standard GAS score. GAS scores were higher than 50 in the PT domain and lower than 50 in the OT domain. This means that the patients' improvement was higher than the goal in the PT domain and lower than the goal in the OT domain \[[@b10-arm-19087]\]. In detail, the PT domain was seen to have high standard GAS scores in muscle function (b730--b749), walking and moving (d450--d469), and the OT showed low standard GAS scores in carrying, moving and handling objects (d430--d449). The upper functional recovery of the upper extremities is low, with 5%--34% complete functional recovery of the upper extremities up to 6 months after onset in stroke patients \[[@b22-arm-19087]\]. On the other hand, gait is known to recover in more patients, at a rate of about 70% \[[@b23-arm-19087]\]. The differences between upper and lower limb recovery may have influenced the differences seen between the two domains. Over time, as goal-setting became more appropriate, feedback on the GAS scores would have helped.

The post-stroke duration at the time of the initial evaluation was found to be a factor that affected goal achievement. The longer the post-stroke duration at admission to the rehabilitation center was, the lower the probability of achieving the goal. Therefore, post-stroke duration should be considered when setting goals regarding the patient's functional gain after stroke. This is consistent with previous Cochrane review findings that the shorter the post-stroke duration before rehabilitation, the better the functional improvement \[[@b24-arm-19087]\]. Other characteristics, such as the initial ADL score, which reflect the severity and location of the stroke, did not correlate with goal achievement. Additionally, we examined the changes in the standard GAS scores by dividing those with good and poor cognition into two groups according to baseline MMSE score. There was no significant trend identified except that higher cognitive groups had higher standard GAS scores in both the PT and OT domains. Therefore, it appears that the higher the patient's cognition is, the better the functional performance achieved \[[@b10-arm-19087]\]. This is consistent with a previous report that the cognitive function level at admission is related to goal attainment in inpatient neurorehabilitation \[[@b25-arm-19087]\]. This may be because stroke patients with poor cognition showed poor participation in rehabilitation due to problems such as poor understanding of instructions or inability to perform self-directed rehabilitation regimens \[[@b26-arm-19087]\]. However, the fact that the post-stroke duration, identified as a factor influencing goal attainment in our study, was shorter in the high cognition level group than in the low cognition group does limit the interpretation of this result.

From the survey undertaken by the rehabilitation team members, we found that they thought that GAS improved treatment quality and was helpful for goal setting. According to a review paper, setting goals that reproduce one's specific rehabilitation target may improve the results of the intervention \[[@b2-arm-19087]\]. It can be inferred that GAS may be helpful for treatment. The therapists also felt that patients appeared to be more motivated. Previous literature has reported that GAS improves the patient's motivation and the treatment effect \[[@b27-arm-19087],[@b28-arm-19087]\]. In particular, the patient and their family can have an accurate understanding of the prognosis and, thus, can find a useful role in real life \[[@b29-arm-19087]\]. However, this study was retrospective, so we could not directly confirm whether the patient's motivation levels did improve.

There are some challenges with using GAS. It takes time to be proficient in using GAS, particularly in terms of goal setting and assessing GAS \[[@b20-arm-19087],[@b30-arm-19087]\]. Furthermore, it is pointed out that the discontinuity (-2, -1, 0, +1, and +2) that assesses whether an expected outcome is achieved or not is not appropriate in assessing partial goal attainment \[[@b31-arm-19087]\]. Finally, GAS alone does not reflect the patient's absolute function \[[@b32-arm-19087]\]. However, despite these drawbacks, GAS has been shown to be an appropriate outcome assessment tool in adult physical and neurological rehabilitation settings \[[@b9-arm-19087]\].

This study had several limitations. This retrospective analysis did not evaluate the motivation levels of the patients and their caregivers. Also, it should be noted that different results can be obtained in teams that are not accustomed to using GAS, or that are less experienced in the rehabilitation of post-stroke patients in the subacute period. A larger prospective study at multiple centers may help to overcome these limitations. Finally, in some cases, the criteria between GAS 1 and 2 were only partially predefined in the initial team meeting, and thus in many cases, were subjectively determined when the final GAS score was given.

In conclusion, by introducing GAS, we found that the rehabilitation medicine team showed gradual improvement in appropriate goal setting for post-stroke patients in the subacute period. We also found that GAS may have positive effects on the patient's treatment. The degree of goal achievement can be influenced by the post-stroke duration at the beginning of rehabilitation. Introducing GAS in the rehabilitation of post-stroke patients in the subacute period may be useful and may be helpful for rehabilitation therapy.
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SUPPLEMENTARY MATERIALS
=======================

Supplementary Materials can be found via <https://doi.org/10.5535/arm.19087>.

###### 

Reliabilities of the evaluation performed in PT and OT of university hospital for stroke patients (n=30)

###### 

Distribution of number of patients by MMSE score and post-stroke duration in 2016, 2017, and 2018

![Changes in standard goal attainment scaling (GAS) scores by year. (A) Physical therapy (PT) and (B) occupational therapy (OT). The box-and-whiskers plots represent line is median value; box, upper and lower quartiles; whiskers, 5%--95% confidence. The median values are displayed above the box.](arm-19087f1){#f1-arm-19087}

![Changes in standard goal attainment scaling (GAS) scores during 3 years classified by cognitive ability. (A) PT domain and (B) OT domain in the low condition group (MMSE \<20). (C) PT domain and (D) OT domain in the high condition group (MMSE ≥20). The box-and-whiskers plots represent line is median value; box, upper and lower quartiles; whiskers, 5%--95% confidence. The median values are displayed above the box. MMSE, Mini-Mental State Examination.](arm-19087f2){#f2-arm-19087}

###### 

Demographic characteristics of the patients

                               2014--2015 (n=121)   2016--2018 (n=141)
  ---------------------------- -------------------- --------------------
  Age (yr)                     61.2±14.8            60.3±13.8
  Sex                                               
   Male                        71                   83
   Female                      50                   58
  Etiology                                          
   Cerebral infarction         54 (44.6)            60 (42.6)
   Intracerebral hemorrhage    67 (55.4)            81 (57.4)
  Lesion                                            
   Right hemisphere            60 (49.6)            69 (48.9)
   Left hemisphere             46 (38.0)            54 (38.3)
   Bilateral hemispheres       7 (5.8)              8 (5.7)
   Cerebellum                  1 (0.8)              2 (1.4)
   Brainstem                   7 (5.8)              8 (5.7)
  Post-stroke duration (day)   38.2±27.1            34.5±22.4
  Recurred stroke              3 (2.5)              3 (2.1)
  MMSE score                   15.2±8.9             15.6±8.6
  FMA score                    30.8±25.2            31.0±24.1
  MFT score                    35.3±35.2            36.3±34.1
  MBI score                    34.2±23.9            35.9±23.8
  FIM score                                         
   Cognition (n=58)            16.9±8.6             18.8±8.4
   Motor (n=58)                32.4±15.6            36.5±17.4
  MMT score                    12.0±6.1             12.2±5.3
  BBS score                    16.7±17.8            17.7±18.2
  TIS score                    8.22±6.02            8.35±6.61
  FAC                          1.20±1.27            1.27±1.27

Values are presented as mean±standard deviation or number (%).

The study hospital began the Wee-FIM assessment from 2015 and included only the results for 58 patients. The sum of the manual muscle test by Medical Research Council score was divided into 6 muscle groups including shoulder abductor of the weaker side, elbow flexor, wrist extensor, hip flexor, knee extensor, and ankle dorsiflexor. It ranges from 0 (totally hemiplegic) to 30 (normal strength).

MMSE, Mini-Mental State Examination; FMA, Fugl-Meyer Assessment; MFT, Manual Function Test; MBI, Modified Barthel Index; FIM, Functional Independence Measurement; MMT, Manual Muscle Test; BBS, Berg Balance Scale; TIS, Trunk Impairment Scale; FAC, Functional Ambulatory Category.

Age and post-stroke duration were compared by independent t-test. Evaluation scores were compared by Mann-Whitney U-test. Number of each group was compared by chi-square test. There was no significant difference in baseline characteristics of patients during both periods.

###### 

Comparison of rehabilitation outcomes before and after introduction of goal attainment scaling

  Assessments (range)   2014--2015 (n=121)   2016--2018 (n=141)                                      p-value (between groups)                                                                                                                                                  
  --------------------- -------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ----------- ------------ ----------- ----------- -------- ------
  MMSE score (0--30)    15.2±8.9             21.1±8.2                                                5.9±5.1                                                 \<0.01                                                  15.6±8.6    21.2±7.9     5.6±4.4     \<0.01      0.55     
  FMA score (0--66)     30.8±25.2            38.4±25.3                                               7.6±11.1                                                \<0.01                                                  31.0±24.1   38.3±25.4    7.3±10.3    \<0.01      0.63     
  MFT score (0--100)    35.3±35.2            47.7±37.2                                               12.4±13.5                                               \<0.01                                                  36.3±34.1   49.1±38.1    12.8±15.3   \<0.01      0.84     
  MBI score (0--100)    34.2±23.9            53.5±27.2                                               19.3±13.3                                               \<0.01                                                  35.9±23.8   55.2±27.6    19.3±13.4   \<0.01      0.73     
  FIM score                                                                                                                                                                                                                                                                    
                        Cognition (0--35)    16.9±8.6^[a)](#tfn1-arm-19087){ref-type="table-fn"}^    20.9±9.0^[a)](#tfn1-arm-19087){ref-type="table-fn"}^    4.0±4.0^[a)](#tfn1-arm-19087){ref-type="table-fn"}^     \<0.01      18.8±8.4     22.5±8.3    3.7±3.7     \<0.01   0.54
                        Motor (0--91)        32.4±15.6^[a)](#tfn1-arm-19087){ref-type="table-fn"}^   46.2±22.9^[a)](#tfn1-arm-19087){ref-type="table-fn"}^   13.8±10.6^[a)](#tfn1-arm-19087){ref-type="table-fn"}^   \<0.01      36.5±17.4    50.5±21.1   14.0±10.2   \<0.01   0.40
  MMT score (0--30)     12.0±6.1             14.4±6.1                                                2.4±2.8                                                 \<0.01                                                  12.2±5.3    14.6±5.8     2.4±2.5     \<0.01      0.39     
  BBS score (0--56)     16.7±17.8            30.3±20.4                                               13.6±12.8                                               \<0.01                                                  17.7±18.2   31.4±20.5    13.7±11.6   \<0.01      0.82     
  TIS score (0--23)     8.22±6.02            12.47±6.32                                              4.25±3.56                                               \<0.01                                                  8.35±6.61   12.84±6.77   4.49±3.82   \<0.01      0.48     
  FAC (0--5)            1.20±1.27            2.31±1.57                                               1.11± 0.92                                              \<0.01                                                  1.27±1.27   2.42±1.60    1.15±0.94   \<0.01      0.65     

Values are presented as mean±standard deviation.

The study hospital began the Wee-FIM assessment from 2015 and included only the results for 58 patients. The sum of the manual muscle test by Medical Research Council score was divided into 6 muscle groups including shoulder abductor of the weaker side, elbow flexor, wrist extensor, hip flexor, knee extensor, and ankle dorsiflexor. It ranges from 0 (totally hemiplegic) to 30 (normal strength).

MMSE, Mini-Mental State Examination; FMA, Fugl-Meyer Assessment; MFT, Manual Function Test; MBI, Modified Barthel Index; FIM, Functional Independence Measurement; MMT, Manual Muscle Test; BBS, Berg Balance Scale; TIS, Trunk Impairment Scale; FAC, Functional Ambulatory Category.

Each score of baseline and follow-up within same group was compared by paired t-test. The independent t-test was used to compare changes in each score (score at follow-up minus score at admission) between both periods. There was no significant difference in all assessments between both periods.

n=58.

###### 

Classification of goal domain and distribution of GAS scores

  Patient goals according to ICF                  \% of patients with goal                             Number of patients achieved or exceeded the goal   Number of patients did not meet the goal                            
  ----------------------------------------------- ---------------------------------------------------- -------------------------------------------------- ------------------------------------------ ---- ---- ----- ---- --- ----
  Physical therapy                                                                                                                                                                                                            
                                                  Functions of the joints and bones (b710--b729)       68.0                                               37                                         13   1    51    24   0   24
                                                  Muscle functions (b730--b749)                        86.5                                               46                                         18   0    64    8    2   10
                                                  Movement functions (b750--b789)                      76.5                                               48                                         14   3    65    20   0   20
                                                  Changing and maintaining body                        75.0                                               24                                         7    2    33    11   0   11
                                                  position (d410--d429)                                                                                                                                                       
                                                  Walking and moving (d450--d469)                      83.5                                               66                                         27   8    101   20   0   20
                                                  Community, social and civic life (d910--d999)        88.0                                               13                                         8    1    22    3    0   3
  Occupational therapy                                                                                                                                                                                                        
                                                  Specific mental functions (b140--b189)               73.9                                               65                                         16   1    82    29   0   29
                                                  Carrying, moving and handling objects (d430--d449)   54.6                                               45                                         13   1    59    48   1   49
                                                  Self-care (d510--d599)                               78.3                                               101                                        15   3    119   32   1   33
                                                  Household tasks (d630--d649)                         75.0                                               8                                          1    0    9     3    0   3
                                                  Work and employment (d840--d859)                     80.0                                               16                                         4    0    20    5    0   5
  Community, social and civic life (d910--d999)   75.0                                                 8                                                  4                                          0    12   4     0    4   

GAS, goal attainment scaling; ICF, International Classification of Functioning, Disability and Health.

###### 

Result of logistic regression on goal attainment as a dependent variable

  Independent variable          Dependent variable                                                                                   
  ----------------------------- -------------------- ------------- --------------------------------------------------- ------------- -----------------------------
  Physical therapy                                                                                                                   
   Age                          -0.027               0.019         0.167                                               0.974         0.937 to 1.011
   Post-stroke duration (day)   -0.021               0.010         0.032^[\*](#tfn2-arm-19087){ref-type="table-fn"}^   0.979         0.959 to 0.998
   Stroke etiology              -0.160               0.535         0.765                                               0.852         -0.197 to 1.900
   Stroke recurrence            -0.409               1.336         0.759                                               0.664         -1.955 to 3.283
   Laterality                   0.274                0.451         0.543                                               1.315         0.431 to 2.199
   Location                     19.916               1.213×10^4^   0.999                                               4.461×10^8^   -4.461×10^8^ to 4.461×10^8^
   MBI                          0.016                1.757         0.185                                               1.016         -2.428 to 4.460
  Occupational therapy                                                                                                               
   Age                          -0.017               0.016         0.291                                               0.983         0.951 to 1.014
   Post-stroke duration (day)   -0.016               0.009         0.091                                               0.984         0.966 to 1.001
   Stroke etiology              0.242                0.448         0.589                                               1.274         0.396 to 2.152
   Stroke recurrence            -0.895               1.295         0.490                                               0.409         -2.129 to 2.947
   Laterality                   -0.181               0.389         0.642                                               0.835         0.073 to 1.597
   Location                     1.293                0.849         0.128                                               3.644         1.965 to 5.323
   MBI                          0.011                0.010         0.252                                               1.011         0.991 to 1.031

Goal attainment was assessed as having a standard GAS score ≥50 in each department (physical therapy or occupational therapy). Etiology of stroke was classified into cerebral infarction and intracerebral hemorrhage. The stroke laterality was classified as right, left and both sides. The table shows the OR of the left side for the right side. Stroke location was classified as cerebral hemisphere lesion and brainstem or cerebellar lesion.

B, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; MBI, Modified Barthel Index; GAS, goal attainment scaling.

p\<0.05.

###### 

Comparison between the group with MMSE \<20 and the group with MMSE ≥20

                               Group with MMSE \<20 (n=85)   Group with MMSE ≥20 (n=56)   p-value
  ---------------------------- ----------------------------- ---------------------------- ------------------------------------------------------
  Age (yr)                     64.0±12.9                     54.0±13.5                    \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  Sex                                                                                     0.10
   Male                        46                            38                           
   Female                      39                            18                           
  Etiology                                                                                0.06
   Cerebral infarction         30 (35.3)                     29 (51.8)                    
   Intracerebral hemorrhage    55 (64.7)                     27 (48.2)                    
  Lesion                                                                                  0.04^[\*](#tfn3-arm-19087){ref-type="table-fn"}^
   Right hemisphere            37 (43.5)                     32 (57.1)                    
   Left hemisphere             35 (41.2)                     19 (33.9)                    
   Bilateral hemispheres       3 (3.5)                       5 (9.0)                      
   Cerebellum                  2 (2.4)                       0 (0.0)                      
   Brainstem                   8 (9.4)                       0 (0.0)                      
  Post-stroke duration (day)   40.4±25.2                     25.5±12.9                    \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  Recurred stroke              2 (2.4)                       1 (1.8)                      0.82
  MMSE score                   10.2±6.9                      23.7±2.8                     \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  FMA score                    26.2±22.9                     38.4±24.4                    \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  MFT score                    28.9±31.7                     47.7±34.8                    \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  MBI score                    26.3±19.9                     50.8±22.2                    \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  FIM score                                                                               
   Cognition                   14.0±6.4                      26.2±5.1                     \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
   Motor                       28.9±13.2                     48.0±17.2                    \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  MMT score                    11.0±5.3                      14.0±4.8                     \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  BBS score                    13.2±16.0                     24.6±19.7                    \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  TIS score                    6.27±6.18                     11.50±6.04                   \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  FAC                          0.91±1.03                     1.80±1.44                    \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
  Standard GAS score                                                                      
   Physical therapy            49.1±8.0                      54.3±6.8                     \<0.01^[\*\*](#tfn4-arm-19087){ref-type="table-fn"}^
   Occupational therapy        47.1±6.9                      49.0±6.4                     0.04^[\*](#tfn3-arm-19087){ref-type="table-fn"}^

Values are presented as mean±standard deviation or number (%).

The sum of the manual muscle test by Medical Research Council score was divided into 6 muscle groups including shoulder abductor of the weaker side, elbow flexor, wrist extensor, hip flexor, knee extensor, and ankle dorsiflexor. It ranges from 0 (totally hemiplegic) to 30 (normal strength).

MMSE, Mini-Mental State Examination; FMA, Fugl-Meyer Assessment; MFT, Manual Function Test; MBI, Modified Barthel Index; FIM, Functional Independence Measurement; MMT, Manual Muscle Test; BBS, Berg Balance Scale; TIS, Trunk Impairment Scale; FAC, Functional Ambulatory Category; GAS, goal attainment scaling.

Number of each group was compared by chi-square test. Other characteristics and evaluation scores were compared by Mann-Whitney U-test.

p\<0.05,

p\<0.01.

###### 

Distribution of questionnaire results with five options for therapists (n=13)

  Question                                                                                       Response (%)                       
  ---------------------------------------------------------------------------------------------- -------------- ------ ------ ----- ---
  The GAS is a good way to evaluate treatment results.                                           7.7            76.9   15.4   0     0
  Application of GAS facilitated setting specific goals.                                         7.7            76.9   15.4   0     0
  Use of the GAS improves quality of the rehabilitation treatment.                               15.4           69.2   15.4   0     0
  By using GAS, patients can participate with a good understanding of their treatment process.   7.7            61.5   23.1   7.7   0
  Use of the GAS enhances motivation of the patient.                                             0.0            69.2   23.1   7.7   0

GAS, goal attainment scaling.
